Introduction
Cemented carbides are sintered materialsconsistins of hard carbide particles of the transition metals (such as WC, TIC and (Ta,Nb)C ) embedded in a relatively soft binder phase, usually Co. The cemented carbides are used for metal machining, rock drilling, and other applications where a Wear resistant material is needed. Their high Wear resistance can,however, be improved further by coating the material with a thin layer (4-8 pm) of Tic, using the chemical vapour deposition (CVD) method. On top of the Tic coating a second thin layer (about 2 pm) of alumina (Al O ) can be deposited, which, especially at high machining speeds, w?l? improve tool life further. The most important properties of the coatings are the Wear resistance and the adhesion. Little microstructural information is available about the initial stages of the coating processes, mainly because of the difficulty of preparing thin foi1 specimens of these multiple phase materials for analysis. However, methods to prepare FIM specimens of cemented carbides and to coat theSe with thin layers of Tic or TiC-alumina have been developed.l Such specimen can be analysed with both STEM-EDS and AP-FIM.~ ,3 It is of particular interest to know the microstructure and the chemical composition of the initial layer of the coating, as these are essential for the adhesion.
Experimental technique
The startinq material was cemented carbides in the form of extruded rods with a-diameter of 0.8 mm. The grain size was 1-2 pim and the composition (in wt 0 ) was 92 % WC, 2 % (Ta,Nb)C, and 6 % Co. The specimens were electropolished in 8 % sulphuric acid in metanol and at 12-14 volts DC. The specimens were coated in a 1/20 size production scale CVD apparatus. The CVD process for the deposition of 
f o r t h e d e p o s i t i o n o f alumina t h e t o t a l r e a c t i o n i s :
The c o a t i n g s were performed a t lOOOoC w i t h t h e g a s m i x t u r e s t o g i v e a t o t a l p r e s s u r e , i n each c a s e , of 50 t o r r i n t h e r e a c t i o n chamber.
Coating t h i c k n e s s e s could be c o n t r o l l e d by v a r y i n g t h e d e p o s i t i o n t i m e . 
The v e r y t h i n c o a t i n g i s b a r e l y v i s i b l e . From t h e d i f f r a c t i o n p a t t e r n s i t was concluded t h a t t h e c o a t i n g had t h e T i c s t r u c t u r e , and a l s o t h a t t h e Tic g r a i n s i n c o n t a c t w i t h t h e s u b s t r a t e were growing w i t h a
Atom-probe a n a l y s i s of t h e c o a t i n g gave t h e p r o f i l e s of t h e major elements T i , C, and W shown i n F i g . 2. Rather l a r g e amounts o f W was p r e s e n t i n t h e c o a t i n g and s m a l l q u a n t i t i e s ( l e s s than 2 % ) of C r , Fe, and Co were a l
s o d e t e c t e d . The C r and Fe were probably coming £rom t h e w a l l s of t h e r e a c t i o n v e s s e l . Only c o n s i d e r i n g t h e main elements T i , C l and W , t h e composition of t h e c o a t i n g c o u l d be exp r e s s e d a s :
( Ti0.82W0.18 ) '0.80
For t h e double c o a t i n g , 30 s exposure of T i c and 30 s of alumina d e p o s i t i o n , t h e morphology i n F i g . 3 was observed. Assuming t h a t t h e T i c l a y e r had t h e same t h i c k n e s s a s i n t h e p r e v i o u s c a s e , we can conclude t h a t t h e i n i t i a l growth r a t e f o r alumina was h i g h e r t h a n t h a t f o r T i c . T h i s double c o a t i n g would t h e r e f o r e c o n s i s t mainly o f alumina, w i t h j u s t a t h i n i n t e r l a y e r of T I C . This assumption was s u p p o r t e d
by EDS a n a l y s i s . 
NUMBER O F I O N S F i g . 2 . Composition p r o f i l e s , o f t h e major elements T i , C l and W , £rom t h e T i c c o a t i n g i n F i g . 1 . F i g . 3. TEM micrograph of a cemented c a r b i d e specimen b e f o r e ( l e f t ) and a f t e r ( r i g h t ) CVD of f i r s t T i c and t h e n alumina, w i t h an exposure t i m e of 30 s f o r each c o a t i n g .

The t o t a l c o a t i n g t h i c k n e s s was 100-150 nm and t h e g r a i n s i z e of t h e alumina c o a t i n g was
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The atom-probe a n a l y s i s was performed a t a background p r e s s u r e of 4 . 1 0 -~O t o r r u s i n g e l e c t r i c a l p u l s i n g w i t h a p u l s e r e p e t i t i o n f r e q u e n c e of 76 H z . Two d i f f e r e n t p u l s e f r a c t i o n s were u s e d , 20 and 25 %. The o n l y s i g n i f i c a n t d i f f e r e n c e between t h e a n a l y s e s f o r t h e s e p u l s e f r a c t i o n s was a s l i g h t i n c r e a s e i n t h e amount of ~1~' i o n s and ~1~0~~ , and Cl2 .
